A gronomy J our n al • Volume 10 9, I ssue 5 • 2 017 T he end-of-season CSNT was developed in Iowa by Binford et al. (1990) as a tissue test for grain corn, with samples taken at physiological maturity for distinguishing between fertilizer N applications that resulted in a crop yield increase and those that exceeded crop needs. Binford et al. (1990) showed that CSNT-N increased linearly with N fertilizer rate when N was applied beyond what was needed for maximum yield. A critical CSNT-N of 250 mg NO 3 -N kg -1 was established, based on a linear-to-plateau crop yield response model with relative corn yield as the dependent variable.
T he end-of-season CSNT was developed in Iowa by Binford et al. (1990) as a tissue test for grain corn, with samples taken at physiological maturity for distinguishing between fertilizer N applications that resulted in a crop yield increase and those that exceeded crop needs. Binford et al. (1990) showed that CSNT-N increased linearly with N fertilizer rate when N was applied beyond what was needed for maximum yield. A critical CSNT-N of 250 mg NO 3 -N kg -1 was established, based on a linear-to-plateau crop yield response model with relative corn yield as the dependent variable.
Two years after the introduction of the CSNT, the optimum CSNT range was adjusted (700 to 2000 mg NO 3 -N kg -1) ) to identify deficiencies or excesses of N (Binford et al., 1992b) . Similarly, Blackmer and Mallarino (1996) introduced four sufficiency categories including 250 and 700 mg NO 3 -N kg -1 defined as marginal and 700 to 2000 mg NO 3 -N kg -1 as optimal. The marginal category was described as the range in which N availability was very close to the minimal amounts needed, close enough to not be a concern, but too close to be a target for optimal N management (Blackmer and Mallarino, 1996) .
The initial studies in Iowa were followed by studies in other regions. Sims et al. (1995) and Varvel et al. (1997) , working in Delaware and Nebraska, respectively, also concluded the CSNT was successful in separating essential vs. excessive fertilizer N applications. Studies by Fox et al. (2001) confirmed the usefulness of the CSNT in Pennsylvania and suggested that the original critical value of 250 mg NO 3 -N kg -1 resulted in a lower error rate (incorrect classification) than the value of 700 mg NO 3 -N kg -1 suggested in 1992.
With the expansion of use of the CSNT, changes in methodologies were introduced. In the original work in Iowa, the NO 3 -N content was determined in 20-cm long corn stalk sections, with dry leaves removed, cut at 15 and 35 cm aboveground (Binford et al., 1990) . This field sampling method has served as the convention for sampling for the majority of subsequent studies and is what is recommended currently to farmers by many Land Grant universities. Searching for a method to reduce the amount of plant material to be collected, dried, and ground, Isla and Blackmer (2007) evaluated the possibility of taking a 4-cm stalk sample. Their results suggested that the length of the sampled stalk could be reduced from 20 to 4 cm if the stalk sample was centered between 18 and 22 cm aboveground. Wilhelm et al. (2005) evaluated the differences in NO 3 -N concentration in samples that were taken 5 cm higher and lower on the stalk than the original 15 to 35 cm and noted a difference of 15% among samples taken 10 to 30 cm, 15 to 35 cm, and 20 to 40 cm aboveground. They also tested the difference in NO 3 -N content of phytomers (node plus internode above) along the length of the stalk, and concluded that the phytomer closest to the soil had a concentration 35 to 40% greater than the 15 to 35 cm section, suggesting that a change in sampling method will require a change in critical concentration. Binford et al. (1990 Binford et al. ( , 1992b specified that CSNT samples were to be collected 1 to 2 wk after physiological maturity (black layer formation) for grain corn. Hooker and Morris (1999) suggested that the test could be used for corn silage as well but that the optimal range should be adjusted to 500 to 1000 mg NO 3 -N kg -1 . Fox et al. (2001) also stated that the CSNT can be used for silage corn but did not suggest a change in critical values for corn harvested for silage from what was put forth by Binford et al. (1990) .
Sampling density is another management factor that can impact CSNT results. Isla and Blackmer (2007) stated that 10 stalks per field is the minimum number of stalks that should be collected (without mentioning the size of the field). Currently, many Land Grant universities recommend taking 10 to 15 samples per field (composite) with each field not exceeding 4 to 6 ha (e.g., Beegle and Rotz, 2009; Brouder, 2003; Blackmer and Mallarino, 1996; Lawrence et al., 2013) . However, spatial variability in CSNT-N across fields with diverse histories (e.g., rotations, manure use) can be large (Tao et al., 2012; Kyveryga and Blackmer, 2012) . Sampling of standing stalks within a row is more practical than use of a zigzag pattern across several rows. If average CSNT-N values and variability in CSNT-N across individual stalks are not affected by the direction of sampling (within a row, perpendicular to rows, or under an angle to represent a zig-zag pattern), a field sampling protocol that reduces the need to step across rows will allow farmers and farm advisors to cover a larger area per day.
Most universities recommend that samples, once taken, be placed in a paper bag and sent to the laboratory as soon as possible. Samples can be stored in a refrigerator if there is more than a day between sampling and sending, whereas Purdue (Brouder, 2003) and Pennsylvania State University (Beegle and Rotz, 2009 ) also specifically recommend not to freeze samples. Despite shared sampling protocols, the research that supports guidance on storage across the diversity of states is scant.
The CSNT literature reports large variation in sample grinding size. For example, Wilhelm et al. (2005) passed the sample through a 2.0-mm screen whereas Isla and Blackmer (2007) and Hooker and Morris (1999) used a 1.0-mm screen, and Sims et al. (1995) ground samples to pass a 0.85-mm screen. In the Binford et al. (1990) study, samples were ground using a Wiley mill with a 1.0-mm screen and then with a cyclone mill with a 0.5-mm screen. If the second grinding step can be avoided, the laboratory costs can be reduced. However, it is unknown how a change in sample grinding size affects CSNT-N values.
In the Binford et al. (1990) study, samples were shaken in 100 mL of 2 M KCl for 30 min and filtered through Whatman no. 5 paper. The extract was then analyzed using the MgO-Devarda alloy steam distillation procedure described by Keeney and Nelson (1982) . The permanganate-reduced Fe method to include nitrate was used to determine Kjeldahl N. Binford et al. (1992a) used the same methods, with a Lachat flow-injection procedure, as did Brouder et al. (2000) and Fox et al. (2001) . In the study of Hooker and Morris (1999) , samples were extracted by shaking with 0.05 M Al 2 (SO 4 ) 3 for 20 min. To minimize differences in ionic strength, 1.0-mL of 2.0 M (NH 4 ) 2 SO 4 was added to each extraction followed by determination of NO 3 -N using a nitrate specific ion electrode (SIE). Wilhelm et al. (2000) The objectives of this study were to evaluate the impacts of sampling, sample handling, and laboratory protocols on CSNT results. Five sets of studies were conducted. The objectives of Study 1 were to determine the impact on the CSNT results of (a) sampling height aboveground, and (b) length of stalk sample. The objective of Study 2 was to determine the impact of timing of sampling (from silage harvest time to grain harvest time) on CSNT-N. In Study 3, we evaluated if CSNT-N levels and variability in CSNT-N values across individual stalks is affected by the direction of sampling (within a row, perpendicular to rows, or under 45 or 135 degree angles). The objectives of Study 4 were to determine the effect of (a) reduced sample volume through quartering of the samples directly after harvest, (b) delay in sample analysis after sampling (i.e., moldy samples), and (c) storage conditions (refrigerator, freezer, room temperature) on CSNT-N values. Study 5 evaluated the impact of (a) grinding size (1 vs. 2 mm), and (b) chemical extractions and determination methods (SIE vs. FA) on CSNT-N.
MATeRIALS AnD MeTHoDS

Study 1: Field Sampling: Stalk position and Length
To determine the effect of sampling height aboveground and length of the stalk sample on CSNT-N values, 10 corn fields were selected randomly from the Musgrave Research Farm in Aurora, NY (two fields), and the Cornell University Ruminant Center in Harford, NY (eight fields). At each field, five neighboring stalks were cut between 0 and 50 cm aboveground. Each stalk was separated into 18 2.5 cm segments (the top segment was used to mark the top of the stalk while in the field; this portion was discarded after separation of stalks into 2.5 cm segments). Corresponding stalk height sections of the five plants per field were combined to obtain sufficient material for analyses. Stalks were dried at 50°C in a forced air oven for a minimum of 2 d, ground to pass a 2-mm screen, and analyzed for nitrate N using 0.05 M Al 2 (SO 4 ) 3 and a 2 M (NH 4 ) 2 SO 4 ionic strength adjustor according to Miller (1998) and Wilhelm et al. (2000) . This method, using a 0.5-g sample and 50 mL of aluminum sulfate extracting solution is the method implemented at Cornell University and will be referred to as the Al 2 (SO 4 ) 3 -(NH 4 ) 2 SO 4 method. A nitrate combination electrode with double junction (Accumet 12-620-534, Fisher Scientific, Pittsburgh, PA) was used to determine NO 3 -N in solution.
Study 2: Timing of Sampling
Two sets of experiments were conducted. In the first set of experiments the objective was to determine the impact of sampling time relative to plant maturity on CSNT-N. Corn stalk samples (20-cm stalks taken between 15 and 35 cm aboveground) were collected weekly from three fields at the Musgrave Research Farm in Aurora, NY, in 2008 , 2009 , and 2010 . In 2008 plots representing four replications of four manure application methods (inorganic N and manure applied on the surface without incorporation, with chisel incorporation or with aerator incorporation) were sampled weekly for a 10-wk period, beginning at 720 g kg -1 whole plant moisture content (MC, 2 wk prior to the optimal time for silage harvest) and ending at 330 g kg -1 MC, shortly before the corn was harvested for grain. Plots were 12 by 91 m. In 2009, 20 plots representing four replications of five treatments in an N fertilizer study were sampled for an 8-wk period beginning at 580 g kg -1 and ending at 290 g kg -1 MC shortly before the corn was harvested for grain. Treatments in this trial consisted of a starter only control vs. starter plus urea, Nutrisphere-treated urea, or ESN at planting, vs. starter plus urea ammonium nitrate sidedressed when corn was at the V6 growth stage. Plots were 6 by 15 m. In 2010, five replications of a trial with five timings of urea-N side-dress (zero N control vs. sidedressing 24 June; 1, 8, or 22 July ) were sampled for 12 wk, beginning at 680 g kg -1 MC and ending with a sampling of stalks 3 d after the actual grain harvest (MC < 280 g kg -1 ). Plots were 3 by 91 m. For each study, 20-cm stalks (between 15 and 35 cm aboveground) were taken from five plants per plot with the remainder of the plants chipped and subsampled to determine MC. Moisture determinations could not be done on 3 of the 12 sampling dates in 2010 due to rainfall on the day of sampling, causing the samples to be wet on the outside.
In the second experiment, the objective was to determine the impact of sampling time after silage harvest on CSNT-N. In this study, 60 corn plants were cut at 35 cm aboveground in a corn field at the Cornell University Ruminant Center in Harford, NY, in the fall of 2009. Fifteen stalks (20-cm stalks cut between 15 and 35 cm aboveground) were taken at the time of the initial harvest, followed by 15 stalks each taken 1, 2, and 5 d after the initial harvest.
For all sampling periods, stalks were dried, ground to pass a 2-mm screen, and analyzed for stalk nitrate using the Al 2 (SO 4 ) 3 -(NH 4 ) 2 SO 4 extracting solution and a nitrate SIE as described in Study 1.
Study 3: Direction of Sampling in the Field
Two third-year corn fields following a mixed alfalfa (Medicago sativa L.) and grass hay stand in the dairy rotation were chosen for sampling in 2015. In 2013 and 2014 corn silage yield data were obtained (forage yield monitor data) and interpolated to generate a continuous raster dataset using kriging and a spherical variogram model (Oh and Lindquist, 1999) . Rasters were classified into high, medium, and low yield zones. Rasters with the same yield zone classification for both years were identified, and three sampling locations (20 by 7.8 m) were established per yield zone per field (nine sampling locations total in each field). At each sampling location, two side-by-side plots were established (10 by 7.8 m each). Nitrogen was applied to one of two plots in each sampling location (187 kg N ha -1 , surface-applied urea) when corn had reached V6. Rainfall (2.06 to 4.57 cm) occurred within 2 d of application in each field, which helped incorporate the urea into the soil. In each plot, 17 samples were collected in a concentric-ring pattern (Fig. 1 ). Samples were numbered from 1 to 17, and the four directions (D1, D2, D3, and D4) are shown in Fig. 1 . Stalk samples were collected 1 d after corn silage harvest in late September. Stalks were cut between 5 and 20 cm aboveground, dried, ground, and analyzed for stalk nitrate using the Al 2 (SO 4 ) 3 -(NH 4 ) 2 SO 4 extracting solution and a nitrate SIE as described in Study 1.
Study 4: Sample Handling and Storage
To determine if only one-fourth stalks can be used, 95 individual stalks submitted by farmers (sample location unknown) were quartered lengthwise and analyzed individually. For 41 of the stalks, the dry weights of each quarter were determined to evaluate if less than perfect quartering of stalks impacted CSNT-N values.
To determine the effects of delaying shipment of the stalk samples after sampling to the laboratory, samples collected from five replications were quartered and exposed to room temperature for 0, 2, 4, and 8 d before oven-drying, grinding, and analysis. Moisture content of the stalks at sampling and after exposure to room temperature for 2 to 8 d was determined. Samples that had been stored at room temperature for 4 or 8 d were molded.
To test the impact of storage of samples in a refrigerator or a freezer, stalk samples from 13 fields were quartered and divided into four treatments: (1) 2 d at room temperature; (2) 10 d at room temperature; (3) 8 d in a freezer plus 2 d at room temperature; and (4) 8 d in a refrigerator (4°C) plus 2 d at room temperature (20-22°C). In each of the 13 fields, five stalks were taken from four different locations (four replications per field). The five stalks were quartered to obtain five one-fourth stalks per treatment per locations.
For all three experiments, 20-cm stalk segments were cut between 15 and 35 cm aboveground. Stalks were dried, ground to pass a 2-mm screen, and analyzed for stalk nitrate using the Al 2 (SO 4 ) 3 -(NH 4 ) 2 SO 4 method and a nitrate SIE as described in Study 1.
Study 5: Laboratory Method Comparison
To compare the impact of particle size (1 vs. 2 mm) of samples ground for testing, 32 samples were selected from a larger database of stalk samples (farmer submitted samples; locations unknown) to obtain a wide range of CSNT-N. Subsamples were ground in a Wiley mill to pass a 2-mm screen with a subset milled to pass a 1-mm screen. All samples were analyzed for nitrate using a nitrate SIE as described in Study 1.
To compare the impact of various chemical extractions and determination methods on CSNT results, 148 samples were analyzed for nitrate N using (i) 0.05 M Al 2 (SO 4 ) 3 with a 2 M (NH 4 ) 2 SO 4 ionic strength adjustor (Baker and Smith, 1969; Mills, 1980) ; (ii) distilled water with a 2 M (NH 4 ) 2 SO 4 ionic strength adjustor (Cataldo et al., 1975) ; (iii) an aluminum sulfate, boric acid, silver sulfate, and sulfamic acid extracting solution (Miller, 1998) ; and (iv) 2 M KCl (Binford et al., 1990) . The 2 M KCl extraction was done at Brookside Laboratories Inc. (New Knoxville, OH), and nitrate in the extract was analyzed using a FA. A 50-sample subset of the distilled water extraction was analyzed with an autoanalyzer (AutoAnalyzer 3, Bran Luebbe, Spencerport, NY). All other analyses were done at the Cornell Nutrient Analysis Laboratory using a nitrate SIE as described in Study 1.
Statistical Analyses
were analyzed as randomized complete block designs with four or more replications and treatments were treated as fixed effect and block as random effects using PROC MIXED of SAS (Littell et al., 1996) . For Study 2, each sampling date was analyzed individually in addition to a repeated measure analyses using timing of sampling as co-variable reflecting destructive sampling over the multiple weeks. Means separations were done using the LSMEANS procedure with TUKEY test at P = 0.05. For Study 3, differences in CSNT-N values as well as coefficients of variance for the four directions of sampling in the field were analyzed using analysis of variance with yield zone, N addition, and direction of sampling as fixed effects. For each of these studies, where CSNT data were not normally distributed, a log 10 transformation was done before analysis.
For the sample volume reduction component of Study 4, two analyses were done. Using all 95 stalks, a model was fit where the estimated CSNT-N of a quarter stalk was predicted by a random sample ID term. The variance of CSNT-N estimations among quarters was estimated and compared to the overall variance of all CSNT-N estimations. This analysis demonstrates what percentage of variance is due to the quartering process, vs. the differences in overall stalk nitrate concentration. To determine if a more accurate CSNT-N estimate can be obtained by using the "best" stalk quarter among the four in a stalk, each of the quarters of the 41 stalks with weight data were ranked (1 through 4) based on how close their weight was to a quarter of the total stalk weight. A rank 1 was given to the "best" stalk quarter, and a rank 4 was given to the "worst" stalk quarter. The whole, un-quartered stalk CSNT-N was estimated using a mass-weighted average of each quarter. A mixed effects model was run in SAS (SAS Institute, 1998) to predict the CSNT-N estimates for each quarter as a function of quarter rank, using a random stalk ID term. A paired t test was performed to test differences between means for the whole CSNT-N quarters of rank 1 and 4. Data from Study 5 were analyzed using linear regression analysis with PROC REG in SAS (SAS Institute, 1998) . For samples testing <250 mg NO 3 -N kg -1 , the sampling height aboveground did not affect the CSNT-N value of 20-cm samples as long as samples were taken 7.5 or more centimeters aboveground (Fig. 2a) . This lack of effect was expected because in N-deficient plants the little N that is available is relocated from the old plant parts to young leaves, resulting in low CSNTs throughout the bottom portion of the stalks (Fig. 2a) . For samples testing marginal or optimal in CSNT (250-2000 mg NO 3 -N kg -1 ), the 20-cm samples could be taken from 12.5 to 22.5 cm aboveground without significant differences in CSNT-N. Taking samples 10 cm or closer to the ground did result in higher CSNT values than the standard 20-cm samples taken at 15 cm aboveground typically suggested by Land Grant universities (Beegle and Rotz, 2009; Brouder, 2003; Blackmer and Mallarino. 1996; Lawrence et al., 2013) (Fig. 2b) . A similar increase in CSNT-N value with sampling closer to the ground occurred when stalks tested excessive in CSNT (2000 mg NO 3 -N kg -1 or higher; Beegle and Rotz, 2009; Brouder, 2003; Blackmer and Mallarino, 1996; Lawrence et al., 2013) (Fig. 2c) . The 20-cm stalk samples taken at 12.5 and 17.5 cm aboveground resulted in CSNT-N values that were less than 5% higher or lower than those obtained with the standard protocol of 20-cm stalks taken 15 cm aboveground (Table 1) . Consistent with these findings, the 20-cm stalk samples taken 10 cm (or lower) or 20 cm (or higher) aboveground had CSNT-N means that were more than 10% higher or lower than the CSNT obtained with the standard protocol (Table 1 ). These differences reflect the accumulation of nitrate in the bottom of corn stalks when N is applied in excess of crop N needs (Hanway and Englehorn, 1958; Binford et al., 1990) and support the observation that CSNTs can be used as a tool to fine-tune N fertilizer management on a field-by-field basis. The results are also consistent with data shown in Wilhelm et al. (2005) that showed a difference of 15% among samples taken 10 to 30 cm, 15 to 35 cm, and 20 to 40 cm aboveground, suggesting that a change in sampling method will require a change in critical concentration.
ReSULTS AnD DISCUSSIon
effect of Stalk Length on Corn Stalk nitrate Test-nitrogen values
Taking 15-cm stalk samples (instead of the 20 cm stalk segments recommended by most universities) resulted in CSNT-N values within 5% of the mean obtained with the standard protocol only if samples were taken between 17.5 and 22.5 cm aboveground (Table 1 ). The CSNT-N values of 17.5-cm stalks were within 5% of the mean obtained with the standard protocol when samples were taken between 15 and 22.5 cm aboveground as well (larger stalk segment). Samples of 17.5-cm length taken between 17.5 and 35 cm aboveground showed less than 5% deviation in average CSNT-N value as well, but this alternative requires a 35-cm corn silage chopping height (i.e., no different from the standard protocol) and would hence not be an improvement over the currently recommended protocol. Samples taken 12.5 cm aboveground needed to be 22.5 cm or longer to be within 5% of the value obtained with the recommended 20-cm stalks, a disadvantage compared to the standard protocol (greater sample volume to handle). These results are consistent with findings of Wilhelm et al. (2005) who noted the importance of placement of the stalk samples but contradict the finding by Isla and Blackmer (2007) who suggested that 4-cm stalk samples, taken between 18 and 22 cm aboveground, resulted in CSNT-N values that were similar to those for 20-cm stalks taken between 15 and 35 cm aboveground. For fields that are harvested for silage with at least a 25 cm cutting height, our data suggest that sampling of a 15-cm stalk, post-harvest, 5 to 20 cm aboveground, is possible but critical values need to be increased by a factor of 1.4 to 1.5 (so 3000 mg kg -1 rather than a 2000 mg kg -1 critical value used by many Land Grant universities). There is no need to adjust critical values when stalks are low in CSNT-N (Fig. 2a) but an adjustment will be need to be considered for stalks with marginal, optimal or excessive CSNT-N as classified in Lawrence et al. (2013) (Fig. 2b and 2c ).
Study 2: Timing of Sampling
Field Sampling Before Harvest?
Timing of sampling (moisture content) of standing corn stalks did not have a significant effect on CSNT-N in the manure application study (Table 2) in 2008. In 2009, there were also no significant differences in CSNT-N (Table 2) . In 2010, CSNT-N declined only after mid-October when moisture content had decreased to 350 g kg -1 (Table 2) . A comparison of the average CSNT value for the 14 treatments (3 yr combined) and the coefficient of variance showed that the largest variability occurs in fields with the lowest CSNT-N. For fields testing excessive in CSNT, data reliability is good (CV's across fields of less than 20%), whereas for N deficient fields values were more variable (data not shown). This variability points to the need for greater sampling density in fields where N Average (CV) 1232 (22) 2002 (16) 850 (28) 1350 (24) 1331 ( deficiency is suspected. When CSNT-N is close to the cutoffs between low, optimal, and excessive for fields with large spatial variability, sampling density can impact field CSNT-N classifications from low to optimal, as shown for the aerator-incorporated manure treatment and the surface application treatments, or from optimal to excess as was the case for the broadcast urea treatment (Table 2) . Thus, values close to critical values (e.g., 250 and 2000 mg NO 3 -N kg -1 ) should be interpreted with caution and zone-based sampling might be needed in variable fields, as was pointed out by Blackmer and Mallarino (1996) , Tao et al. (2012) and Kyveryga and Blackmer (2012) .
Field Sampling After Harvest
The number of days stalks were left to dry in the field directly following harvest (up to 5 d) did not impact CSNT-N values despite molding of samples that were left in the field for 4 to 5 d (Table 3) . Although molding of samples should be avoided, a larger sampling window following harvest than initially thought and could greatly increase adoption of CSNT. These data suggest samples can be taken after harvest as long as stalks are tall enough to be sampled, similar to current recommendations for sample processing.
Study 3: Direction of Sampling in the Field
The direction of sampling did not affect CSNT-N in either of the three yield zones (Table 4 ) independent of N application or CSNT-N level (P ≥ 0.464). However, when the average CSNT of the area that was sampled was within 20% of an interpretation cutoff (250, 700 or 2000 mg NO 3 -N kg -1 ) there was one direction that resulted in a different CSNT interpretation. For example, when samples were taken in the row (D1), average CSNT-N values in the control plots (no sidedress N beyond farmer practice) of the high yield zone was 2182 mg NO 3 -N kg -1 vs. less than 2000 mg NO 3 -N kg -1 for the other three directions of sampling. As the three directions varied from yield zone to yield zone, the differences in interpretation are cause by overall CSNT variability, not by direction of sampling. These results suggest that CSNT sampling can be done along rows in a field, allowing for quicker sampling of fields.
Study 4: Sample Handling and Storage
Sample volume
Across all 95 stalks, only 2.0% of the variance in CSNT-N was due to quartering (within variance). Quarter rank, did not affect CSNT-N (P = 0.1271), and there were no significant differences in CSNT-N between the worst and the best quarters as described by weight (Table 5) . Thus, quartering of stalks had no effect on CSNT-N.
Delay in Mailing
Exposure of quartered stalks to room temperature for 8 d before being processed had no impact on CSNT results (Table 6 ). For the five sites where moisture content was determined as well, the moisture content of the stalks at the time of sampling did impact CSNT-N values, but changes were not large enough to create classification differences (Table 6 ). The moisture content at the time of entry into the oven (MC2) was not a significant covariate in the analysis (P = 0.9030). Yield zone † Treatment 
Storage in Refrigerator or Freezer?
Storage in a freezer resulted in higher values than obtained with the standard protocol (2-d exposure to room temperature) or with leaving samples exposed to room temperature for an extra 8 d (Table 7) . Additional studies are needed but these findings support current guidance for sample storage from the Land Grant universities of Indiana (Brouder, 2003) and Pennsylvania (Beegle and Rotz, 2009 ) which suggest samples can be refrigerated for several days but discourage freezing of them. Grinding to 2 mm, rather than the 1 mm recommended by most procedures, did not impact NO 3 -N content (Fig. 3) . In the Binford et al. (1990) study samples were ground using a Wiley mill with a 1.0-mm screen followed by grinding through a Cyclone mill with a 0.5-mm screen. Our data suggest that laboratory procedures can be adjusted to grinding to a 2-mm size, facilitating quicker and most cost-effective grinding.
Chemical extraction and Determination Methods Comparison
Extraction of stalks with Al 2 (SO 4 ) 3 during SIE determination of nitrate N in solution, or with KCl followed by detection of nitrate N using an FA resulted in CSNT-N data that were linearly related to NO 3 -N determined using Al 2 (SO 4 ) 3 -(NH 4 ) 2 SO 4 ( Fig. 4a and 4b) . However, the slopes of the regression analyses were 0.92 and 0.81 for the Al 2 (SO 4 ) with SIE and KCl with FA, respectively, indicating a greater extraction efficiency for the Al 2 (SO 4 ) 3 -(NH 4 ) 2 SO 4 methodology. The results obtained with the Al 2 (SO 4 ) 3 -(NH 4 ) 2 SO 4 extraction with SIE determination of NO 3 -N in solution were directly comparable with data generated with the distilled water -------mg NO 3 -N kg -1 ----- --0  841a  841a  6925a  6453a  2  836ab  826a  6749a  6813a  4  834b  815a  6687a  7008a  8 836ab 782b 6821a 6908a Treatment P = 0.021 P = 0.001 P = 0.810 P = 0.457 Moisture content P = 0.016 extraction, independent of determination methodology used (SIE or FIA) for the water extraction ( Fig. 4c and 4d ). These results suggest that distilled water could replace the three other methodologies, resulting in more cost-effective analyses and greater flexibility in the determination methodology used (i.e., either FA or SIE). The FA methodology is preferred by some laboratories as autoanalyzers can be used to process large volumes of samples and free up staff time to conduct other analyses. However, the filtration step in this procedure requires more sample preparation time than needed when using a SIE.
ConCLUSIonS
The standard protocol for CSNT sampling is to take a 20-cm sample between 15.0 and 35.0 cm aboveground. Results of this study showed that CSNT-N values within 5% of the value obtained with the standard protocol can be obtained with sampling of (i) 17.5-cm stalks taken between 15.0 and 32.5 cm aboveground, or (ii) 15-cm stalks taken between 17.5 and 32.5 cm aboveground. Either alternative reduces sample volume and allows for sampling after harvest as long as the chopping height exceeds 32.5 cm. For shorter stalks, closer to the ground, an adjustment to the critical values that define CSNT deficiency, sufficiency and excess categories are needed. Corn stalk sampling can be done along rows, making it easier for farmers and farm advisors to collect samples. Also, sampling can be done at silage harvest (650-700 g kg -1 moisture), and grain harvest (200-300 g kg -1 moisture) and it is acceptable to wait up to 5 d after silage harvest to collect samples in absence of rain. It is unknown if and how CSNT-N values are changed if it rains in this 5-d time period.
Quartering of stalks followed by submission of one quarter per stalk reduces mailing and laboratory analyses costs without impacting CSNT-N. Samples can be stored at room temperature or in a refrigerator for up to 8 d without a change in CSNT-N.
Sample grinding to pass a 2-mm sieve was sufficient, and a distilled water extraction was the most cost-effective method of extraction, allowing for use of either a SIE or FIA to determine nitrate N in solution. Although a filtration step is required when using the FA, more samples can be processed per day using a FIA than a SIE. Thus, for laboratories processing large numbers of samples, using a FIA will, over the long-term, be most cost-effective.
We conclude that alternative sampling protocols and sample processing procedures are possible, potentially increasing farmer acceptance of the test for corn grain or corn silage crops while reducing the cost of analyses in the laboratory. 
